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A b s t r a c t .  I discuss briefly various bounds on cosmological parameters
K eyw ord s : Observational cosmology, universe 
P A C S N o s . : 98.80.Es, 98.80.Bp
T his is a  sh o rt version of a  work presented elsewhere [1].
T he universe is believed to  be homogeneous and isotropic, and is therefore 
described by th e  F riedm an-R obertson-W alker (FRW ) m etric:
d s 2 =  d t2 — a2(t)
d r 2
1 — k r2
+  r 2 {d$2 +  sin2 6 d<f>2) ( 1)
Here, r  is a  dim ensionless co-ordinate d istance and a(t) is an overall scale 
p a ram ete r. T h e  p a ram ete r k determ ines the curvature of the universe. By 
ad justing  th e  defin ition  of r ,  we can m ake k to  have one of these three values:
- i ,  o, 1.
T h e  evolu tion  o f  th e  universe depends on the  contributions to the  energy- 
m om entum  from  different kinds of sources. It is useful to  distinguish between 
the following kinds:
— non-re la tiv istic  m a tte r , like w hat we are m ade of;
— u ltra -re la tiv istic  m a tte r , e.g., photons;
— vacuum  energy, which can be seen as a  contribution to  the cosmological 
c o n s tan t.
T he second co n trib u tio n , as indicated by the microwave background tem per­
a tu re , is p resum ably  very sm all. Ignoring it, we can w rite down the evolution 
equations of th e  universe as
Rftv — & =  8jtG +  A g pis ' (2)
878 Palash B Pal
Here, is the  Ricci tensor which is defined through the m etric of Eq. (1), 
and  R  =  R (il/g ,t‘/. D ue to  th e  hom ogeneity and isotropy, one gets only two 
independent equations. One of them  am ounts to  the  fact th a t  the  density of 
non-relativ istic  m a tte r , p, goes like a~3. T he o th er one is
T he ra tio  on th e  left side a t  th e  present tim e is called th e  Hubble param eter 
H 0. For th e  term s on th e  right side, one norm ally in troduces the  dimensionless 
param eters
where th e  subscrip t ‘O’ m eans the  value a t  the  present era. Eq. (3) thus implies
So we can take  only 12m and 12a to  be the independent cosmological para tm ers, 
along w ith Ho.
I t is convenient to  use dim ensionless variables instead of a and t. We define
P u ttin g  p =  po«o/a3 =  (1 +  z )3/>o» we can rew rite Eq. (3) in the  following 
form :
using Eq. (5) to  elim inate 12*. T his can be num erically in tegrated  for any 12m 
and 12a to  ob tain  the  scale p aram eter a t  any tim e t.
T he num erical resu lts  for different values of 12m and 12a show a  wide variety 
of possibilities. For 12a  =  0, th e  universe closes and collapses to  zero volume in 
the  fu tu re  if 12m > 1. For S2m <  1, the  universe expands forever. T he borderline 
case of 12m =  1 represen ts a  fla t universe, i.e., one for which 12* =  0 .
M ore generally, when 12a  4s- 0, th e  s itua tion  canno t be sum m arized so easily. 
O ne usually calls a  universe open o r closed depending on w hether 12* is positive 
o r negative. O n th e  o th e r hand , a  universe can be called elliptic if it recollapses 
in th e  fu tu re , and hyperbolic if it is evergrowing. For 12a and 12m bo th  non­
zero, we can have open hyperbolic, open elliptic, closed hyperbolic or closed
(3)
(4)
1 =  Dm +  Da +  D * . (5)
z =  —  -  1 , T =  H 0(t -  to) . 
a (6)
d r  =
dz 1
(7)
1 +  2 \ / (  1 +  z )2( 1 +  Dmz) -  z (2 +  z )12a  ’
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elliptic universes, depending on the precise values of these two parameters. In 
addition, there can be solutions where the integral of Eq. (7) diverges. These 
represent universes without any big bang. The big question is: out of these 
multitudes of possibilities, how to determine which one is our own universe?
The general (and obvious) strategy is the following. We need to find some 
observable quantity which depends on the cosmological parameters, determine 
the value of that observable. That will give us the values for the cosmological 
parameters. Our original question now shifts to the following one: what is a 
good observable for this purpose?
One usually relies on the measurement of distances of objects as a function 
of their redshifts. The physical distance to a certain object can be defined in 
various ways. For example, the “luminosity distance” l  is defined in a way 
that the apparent luminosity of any object goes like l/£ 2. This is related to 
the co-ordinate distance by
*(*) =  aor (2) /° ( 2) =  0  +  z)a0r , (8)
where a light ray coming towards us satisfies the equation ds2 =  0, i.e.,
dr _  \/\  -  kr2
Tt  “  a 1 ^
r being the dimensionless co-ordinate distance introduced in Eq. (1). Integra­
tion of this equation gives
H0i(z)
1 + 2  
7 H sinn
dz'
^ ( i  +  * ' ) 2 ( i  +  a m y )  -  z'{2 +  z ' ) i i A ■ ( i o )
where “sinn” means the hyperbolic sine function if (Ik > 0, and the sine func­
tion if (Ik < 0. If (Ik ~  0, the sinn and the (l^s disappear from the expression 
and we are left only with the integral. Measurement of the apparent magni­
tudes of type la  supernovas have recently been used to derive the cosmological 
constants from this measure of distance.
There are, of course, other ways of determining distances. But, as I said in 
the beginning, this is only an outline of the full talk. More details, as well as. 
references to the literature, can be obtained in the fuller version [1].
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